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Abstract - Wear by slurry abrasion occurs during transport of abrasive slurries encountered in industrial and specially
mining applications, extruders, and in slurry pumps. Steel piping systems are widely used in mining to convey the mineral,
ore and tailing slurries to the processing plant, as well as to recycle the debris medium back to the mining area. Hardfacing
by welding is one of the economic methods to improve wear resistance of engineering components. The present work reports
slurry abrasion behaviour of hardfaced martensitic stainless steel under a wide range of experimental condition. The slurry
abrasion experiments were performed using slurry abrasion test apparatus using silica sand as the abrasive medium. The
effect of test parameter such as sliding distance, normal load and slurry concentration of abrasive medium on slurry abrasion
behaviors of martensitic stainless steel was investigated. The slurry abrasion volume loss exhibited increasing trend with
increasing sliding distance, normal load and slurry concentration, although the magnitude of increase was different in each
case. The results of the investigation suggest and slurry concentration had relatively stronger effect as compared to that of
normal load.. The morphological studies of the worn surfaces revealed characteristic differences in the wear pattern under
different test conditions.
Keywords - stainless steel; wear; abrasion; slurry; cutting; indentation

I.

abrasive particles, test conditions and mechanical
properties of steels and material properties [4,5,6-12].
Hard facing by welding is a one of the economic
method to improve abrasion resistance of engineering
components. A little amount of data is available on
slurry abrasion behaviour of weld deposited alloy
steels and in particular martensitic stainless steels. In
the present work, the experiments were performed
using silica sand slurry with different sliding distance,
slurry concentration, and load. The morphology of
the worn surfaces after slurry abrasion was studied
under
scanning
electron
microscope.
The
morphological studies of the worn surfaces revealed
characteristic differences in the wear pattern under
different test conditions.

INTRODUCTION

The primary modes of wear responsible for
degradation of the engineering components in
industries are sliding wear, abrasive, erosive wear and
chemically assisted wear. Wear by abrasion accounts
for more than 50 % of the wear failures occurring in
industries. The phenomenon of wear is not only
responsible for material removal but also leads to
premature failure of engineering components. The
monetary loss due to wear also includes cost involved
in replacement and downtime cost
Slurry abrasion is defined as progressive loss of
material from the component in which liquid media
carries abrasive particles. Wear by slurry abrasion
occurs in extruders, slurry pumps, and pipes carrying
slurry of minerals and ores in mineral processing
industries, extruders, pump impellers and coal slurry
nozzles. The wear life of components used under
slurry abrasion conditions is governed by the process
parameters, properties of abrasive particles in slurry
and material properties. The evaluation of slurry
abrasion under actual service conditions is often a
difficult task, due to interactive effects of different
parameters such as slurry concentration, velocity and
properties of abrasive medium on wear rate. [1-4].
Steels and cast irons are widely used for
improving wear life of engineering components under
abrasive wear situations. The abrasive wear
properties of steels have been investigated in the past.
wear resistance of steels is influenced by properties of

II. EXPERIMENTAL
The slurry abrasion experiments were carried out
on martensitic stainless steel was deposited by
Manual metal arc welding process over 10 mm thick
mild steel plate. The consumable used for deposition
was in the form of electrode. The welding parameters
were; Voltage ~ 22 V and current ~ 120 A (direct
current). The thickness of weld deposit was typically
4mm. The chemical compositions of the investigated
steel are given below, determined by spark emission
spectroscope was (weight%) C- 0.0483, Mn- 0.87, Si1.07, S- 0.011, P- 0.021,Cr-15.3, Ni- 3.64, FeBalance.
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compressed air and then weighed using a digital
electronic balance to the accuracy of 0.1 mg. The
specimen was placed in the holder assembly. The
desired load was placed on the loading lever and
loading lever was released so that specimen comes in
contact with rubber wheel. After the test was over the
specimens were removed from the slurry chamber,
cleaned with alcohol and weighed. The loss in mass
(g) was calculated as the difference of initial and final
weight of the specimen. In addition wear volume loss
was also determined. In the present work slurry
abrasion tests were carried out for martensitic
stainless steel. The slurry abrasion tests were carried
out to study the effect of load and slurry
concentration on wear volume loss. The total
numbers of revolutions were 2000, which was kept
constant in all the tests.

Fig 1 : Microstructure of weld deposited stainless steel showing
martnesite

The specimens for hardness, metallography and
abrasion testing were derived from the weld
deposited plate, ground and polished with successive
silicon carbide emery papers

III. RESULTS AND DISCUSSION
In the present work two different approaches
were used to study slurry abrasive wear behavior of
weld deposited martensitic stainless steel. The first
approach aimed at measurement of material loss and
second approach was based on visual and
microscopic observations of worn out surfaces. Fig 4
shows then effect of sliding distance on wear volume
loss of martensitic stainless steel at slurry
concentration of 99.52 % and load of 120 N. Fig. 5
shows the effect of slurry concentration on slurry
abrasion volume loss as a function of normal load.
Fig. 6 shows the effect of normal load on slurry
abrasion volume loss as a function of slurry
concentration. Figs. 7 (a and b) show photographs of
typical worn out surfaces and Fig. 8 (a-c) show SEM
photographs of worn out surfaces under different test
conditions.
It can be observed that slurry abrasion volume
loss increased linearly with increase in sliding
distance as seen in Fig.4. With increasing slurry
concentration, slurry abrasion volume loss increased
significantly At 2000 revolution and at 120 N when
the slurry concentration was increased from 27.07 to
54.14%, the wear volume loss increased from 14.3
mm3 to 96.9 mm3, exhibiting nearly seven times
increase for two fold increase in slurry concentration.
Further increase in slurry concentration from 54.14 to
99.52% resulted in an increase in wear volume loss
by more than three times as shown in Fig:5. At a load
of 95 N the slurry abrasion volume loss exhibited
twenty times increase, when slurry concentration was
increased from 27.07 to 99.52% as shown in Fig 5.
At lower loads of 70N, an initial increase of more
than five times in wear volume loss was observed,
whereas further increase in slurry concentration from
54.14 to 99.52% resulted in more than 3.5 times
increase in volume loss as shown in Fig. 5..At a load
of 35 N, the slurry abrasion volume loss exhibited an
increasing trend with an increase in slurry

Fig. 2 : SEM photograph of silica sand particle
(250-300 µm)

of grade 1/0, 2/0, 3/0 and 4/0, after that the specimens
were subjected to alumina wheel polishing to obtain
excellent surface finish. The well polished specimen
of martensitic stainless steel was etched with
Kalling's etching reagent. The bulk hardness
measurement of martensitic stainless steel was made
using Rockwell hardness tester which is 40 HRc.
Silica sand was used as abrasive particle in slurry
abrasion test. Abrasive particle used was required
sieves to obtain 250-300 µm (60-50 mesh) size which
was obtained by sieve analysis. Representative
particle sample were prepared, coated (sputtered)
with platinum and examined under Scanning electron
microscope. The abrasive particles were having
irregular to angular shapes.
The slurry abrasion wear tests were performed
using slurry abrasion test apparatus (Ducom make,
India). A photograph of the Slurry abrasion tester is
shown in Fig 3. The slurry abrasion tester is designed
such that a flat test sample is pressed radially against
a wheel with a known force. The test surface is
submerged in wet abrasive media (slurry). The
arrangement is such that the wheel carries the
abrasive media between the sample and the wheel
creating a situation of three body wear using the
slurry in the chamber.
The specimens used for slurry abrasion testing
were rectangular blocks measuring 57.2 mm (length)
×25.4 mm (width) × 9 mm (thickness). The
specimens were polished using emery papers of 1/0
and 2/0 and cleaned with alcohol and dried with
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concentration. However the magnitude of increase
was fifteen times, which was less as compared to
other test conditions.

It can be observed that slurry abrasion volume
loss increased linearly with increase in sliding
distance as seen in Fig.4. With increasing slurry
concentration, slurry abrasion volume loss increased
significantly.

(a)
Fig 3 : Photograph of the slurry abrasion test apparatus

Volume loss (mm3)

400
300
200

(b)

100

Fig. 7 (a and b) Photographs of worn out surfaces after slurry
abrasion at a load of 120 N (a) at slurry concentration of 27.07
% and (b) at slurry concentration of 99.52 %

0
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At 2000 revolution and at 120 N when the slurry
concentration was increased from 27.07 to 54.14%,
the wear volume loss increased from 14.3 mm3 to
96.9 mm3, exhibiting nearly seven times increase for
two fold increase in slurry concentration. Further
increase in slurry concentration from 54.14 to 99.52%
resulted in an increase in wear volume loss by more
than three times as shown in Fig:5. At a load of 95 N
the slurry abrasion volume loss exhibited twenty
times increase, when slurry concentration was
increased from 27.07 to 99.52% as shown in Fig 5.
At lower loads of 70N, an initial increase of more
than five times in wear volume loss was observed,
whereas further increase in slurry concentration from
54.14 to 99.52% resulted in more than 3.5 times
increase in volume loss as shown in Fig. 5..At a load
of 35 N, the slurry abrasion volume loss exhibited an
increasing trend with an increase in slurry
concentration. However the magnitude of increase
was fifteen times, which was less as compared to
other test conditions.
The effect of load on slurry abrasion volume loss
is shown in Fig.6. for slurry concentration of 27.07,
54.14, 81.22 and 99.52% respectively. The slurry
abrasion volume loss exhibited an increasing trend
irrespective of the slurry concentration. However the
magnitude of increase was different in each case. At
lower concentration, the magnitude of increase was
1.4 & 1.8 times for slurry concentration of 27.07 &
54.14% respectively. At higher slurry concentrations,
the increase in wear loss was 2.2 to 2.7 times for
slurry concentration of 81.22 & 99.52% respectively.
Thus it can be observed that at higher slurry
concentration, the magnitude of increase in wear

86.1

Sliding distance (m)
Fig 4 Effect of sliding distance on wear volume loss of
martensitic stainless steel

Fig 5 Slurry abrasion volume loss of weld deposited martensitic
stainless steel vs slurry concentration as a function of normal
load (N) as shown in legends

Fig 6 Slurry abrasion volume loss of weld deposited martensitic
stainless steel vs slurry concentration as a function of slurry
concentration (%) as shown in legends
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volume loss was nearly two times as compared to
lower slurry concentration.
It is also observed from the results of the present
work that wear volume loss obeys Archard’s wear
law;
V=KSL/H
(1)
Where V is volume loss, K is wear coefficient, S
is sliding distance, L is normal load and H is the
hardness of the surface (2). However at higher loads
and slurry concentrations some deviations were
observed. It was also observed that slurry
concentration had relatively stronger influence on
wear loss as compared to normal load [4,1314]. The
photograph of worn out surfaces in Fig 7 a and b
shows deep grooves and scratches on the surface at
higher slurry concentration whereas at lower slurry
concentration the surface is relatively smooth. At
lower slurry concentration and lower load, silica
particles are able to roll over the surface causing
multiple number of indentation shown in Fig 8(a).
The material is removed by ploughing mechanisms
and lip of work hardened material can be seen
attached to the grooves which resulted in lower slurry
abrasion volume loss as compared to higher loads and
higher slurry concentration. At higher loads of 70N
and slurry concentration of 54.14% worn out
surface reveals continuous grooves caused by
abrasive
particles.
The
mechanism of material removal involves ploughing
and cutting as shown in Fig 8(b). At higher loads of
120N and slurry concentration of 99.52% the severely
abraded surface can be seen in Fig 8(c). The
predominant mechanisms involves micro cutting.
With increasing load the depth and width of grooves
is relatively greater causing more material loss and
hence significant increase in slurry abrasion volume
loss. It is also expected that with increasing load
silica sand particle fractures generating additional
fine particles. These fractured particles tend to have
more angularity which also causes additional abrasion
of the surface and contribute to increase in wear
volume loss [15]. The above observations can explain
significant increase in slurry abrasion volume loss
with increase in normal load and slurry concentration
which can also explain deviations from Archard’s
equation at higher loads and slurry concentrations

[4]

[5]

(a)

(b)

IV. CONCLUSIONS
[1]

[2]

[3]

The important mechanisms of material
removal were ploughing, cutting and
indentation. The predominant mechanism of
material removal by abrasion was influenced
by severity of test conditions.
The slurry abrasion wear volume loss obeyed
Arcahrd’s wear law although some deviations
were observed at higher loads and slurry
concentrations which can be attributed to
secondary abrasion caused by fragmented
abrasive particles.

(c)
Fig. 8 (a-c) SEM photographs of worn out surfaces after
slurry abrasion of martensitic stainless steel. (b) 70 N, 54.14 %
conc. (c) 120 N, 99.52 % conc

The slurry abrasion volume loss of martensitic
stainless steel increased with increase in slurry
concentration and normal load.
The magnitude of increase in slurry abrasion
volume loss with respect to slurry
concentration and normal load was different.
The slurry concentration had more pronounced
effect on slurry abrasion volume loss than
normal load.
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